Band T cell development proceeds in an ordered fashion that can be monitored by the sequential acquisition of gene rearrangements and cell surface markers. B cell development progresses through a series of differentiation and maturation stages in the bone marrow during which sequential rearrangements of immunoglobulin heavy and light chain genes occur ([@B1]--[@B3]). Via rearrangement of V~H~, D~H~, and J~H~ gene elements, B cell progenitors differentiate into pre--B cells that express μ heavy chains in association with the surrogate light chains, encoded by λ~5~ and VpreB genes, and Igα/β heterodimers ([@B4]--[@B6]). This progression can be monitored by the differential expression of cell surface markers ([@B7]--[@B10]). The progenitor and precursor populations can be divided into four fractions according to the expression of CD45R/B220, leukosialin (CD43), heat-stable antigen (HSA),^1^ and BP-1: fraction A (B220^+^CD43^+^HSA^−^BP-1^−^); fraction B (B220^+^CD43^+^HSA^+^BP-1^−^); fraction C (B220^+^CD43^+^HSA^+^BP-1^+^); and fraction D (B220^+^CD43^−^ HSA^+^BP-1^+^) ([@B9], [@B11]). Early B cell development thus appears to proceed in an ordered sequence from fraction A to fraction D ([@B9]). Fraction D cells further develop to IgM^+^ immature B cells, and finally into IgM^+^ IgD^+^ mature B cells.

T lymphocyte development in the thymus correspondingly proceeds from immature CD4^−^CD8^−^ thymocytes to mature MHC-restricted single-positive CD4^+^ and CD8^+^ T cells through positive and negative selection after TCR gene rearrangement ([@B12]--[@B14]). The CD4^−^CD8^−^ double negative (DN) population contains multiple progenitor subsets that are distinguishable by their differential expression of CD44 and CD25 ([@B15]). The following maturation sequence has been proposed for DN cells: CD4^−^CD8^−^ CD44^+^CD25^−^ → CD4^−^CD8^−^CD44^+^CD25^+^ → CD4^−^ CD8^−^CD44^−^CD25^+^ → CD4^−^CD8^−^CD44^−^CD25^−^ ([@B15], [@B16]). TCR-β gene rearrangements that precede rearrangements in the TCR-α locus begin in the CD44^−^CD25^+^ or CD44^+^CD25^+^ stages ([@B17]--[@B19]) with a functional β chain being required for the transition of CD44^−^CD25^+^ to the CD44^−^CD25^−^ DN cell stage ([@B19]).

Both B and T cells are developmentally dependent on IL-7 in the mouse ([@B20]--[@B26]). In contrast, the type I interferons, IFN-α and -β, produced by resident bone marrow macrophages, can inhibit the IL-7--induced growth and survival of early B lineage cells in vitro ([@B27]). In vitro analysis also suggests that IFN-α/β can interfere with thymocyte development ([@B28]). Although IFN-α/β is well known as a naturally produced regulator of cell growth and differentiation ([@B29]--[@B34]), few studies have analyzed the potential for an in vivo role of IFN-α/β on development of the immune system. For this purpose, we examined the effects of recombinant human IFN-α2/α1, mutated so as to be active in mice ([@B35]). The results indicate that IFN treatment severely inhibits both B and T cell development at comparably early stages, but has no demonstrable effect in mice deficient for the IFN-α/β receptor.

Materials and Methods {#MaterialsMethods}
=====================

Mice and IFN-α2/α1 Treatment.
-----------------------------

BALB/c mice purchased from The Jackson Laboratory (Bar Harbor, ME) and wild-type and IFN-α/β receptor^−/−^ 129Sv/Ev mice from B & K Universal Group Ltd. (North Humberside, UK) were bred in rooms equipped with an air filtering system. Cages, bedding, water, and food were sterilized, and the mice were handled with aseptic gloves in sterile hoods. Recombinant human IFN-α2/α1 ([@B35]), provided by Dr. Charles Weissman (Institut für Molekularbiologie I, Universität Zürich, Zurich, Switzerland), was intraperitoneally injected. Injections (4 × 10^5^ U) were begun on day 3 and were continued for six days. Mice were killed one day after the final injection. In other experiments designed to examine the recovery from interferon treatment, mice were killed 6, 15, 21, and 28 d after the final injection. Control mice received PBS containing 10 μg/ml mouse serum albumin. The IFN-α2/α1 preparation was tested for the presence of endotoxin (LAL endotoxin testing; BioWhittaker, Inc., Walkersville, MD) and found to contain \<10 pg/5 × 10^6^ U.

Antibodies.
-----------

Cy-Chrome--labeled anti-B220, FITC-labeled anti-S7/CD43, FITC-labeled anti-CD3, FITC-labeled anti-CD4, FITC-labeled anti-CD8, FITC-labeled anti-Ly-6C, PE-labeled anti-μ, PE-labeled anti-CD44, PE-labeled anti-CD8, PE-labeled DX5, biotin-labeled anti-CD4, biotin-labeled anti-CD25 antibodies, biotin-labeled CD19, and APC-labeled B220 were purchased from PharMingen (San Diego, CA). PE-labeled BP-1, FITC-labeled anti-μ, streptavidin (SA)-Cy-Chrome, and SA-PE were obtained from Southern Biotechnology Associates (Birmingham, AL). SA-PerCP was purchased from Becton-Dickinson (Mountain View, CA).

Flow Cytometry.
---------------

Single cell suspensions were prepared from bone marrow and lymphoid tissues, and the nucleated cells were enumerated. Cells stained first with FITC-, PE-, Cy-Chrome--, or biotin-conjugated monoclonal antibodies on ice for 15 min were washed with 1% bovine serum albumin/PBS, and counterstained with SA-Cy-Chrome or SA-PE to reveal biotin conjugates before analysis with Becton-Dickinson FACScan^®^ and FACSCalibur^®^ flow cytometers. The data were analyzed with the Winlist 2.01 (Verity Software House, La Jolla, CA) and WinMDI 2.3 (<Trotter@scripps.edu>) software programs.

Proliferation Assay.
--------------------

IL-7, produced by transfecting COS cells with a murine IL-7 expression vector (provided by Dr. Linda Park, Immunex, Seattle, WA), was assayed using an IL-7--dependent cell line, SCID 7, and recombinant IL-7 (Genzyme, Boston, MA) as a standard. Bone marrow cells were cultured in 96-well flat-bottomed plates (10^5^ cells/ml) for 72 h in the absence or presence of IL-7 (0.1--100 ng/ml). Cells were also cultured with or without LPS (20 μg/ml; Sigma Chemical Co., St. Louis, MO). Cells were pulsed with 1 μCi (37 kBq) of \[^3^H\]thymidine for the last 8 h, and the incorporated \[^3^H\]thymidine was measured for quadruplicate cultures with a liquid scintillation counter.

In vitro B Lymphopoiesis Assay.
-------------------------------

The B lymphopoiesis assay, provided by Dr. John F. Kearney (University of Alabama at Birmingham, Birmingham, AL), employed mononuclear cells from 15-d-old embryos. The cells (10^6^/well) were suspended in IL-7-- conditioned medium, consisting of 20% supernatant from IL-7-- transfected T220 fibroblasts ([@B36]) and 80% fresh RPMI 1640 medium with 5% FCS. Cells were then cultured with the T220 transfectants seeded in 6-well plates. IFN-α2/α1 (10^3^ U/ml) was added to the original culture medium and half of the medium was exchanged for fresh medium containing 10^3^ U/ml IFN-α2/α1 every 7 d. Cells were analyzed by flow cytometry on day 0, day 5, day 10, and day 15.

Results {#Results}
=======

IFN-α2/α1 Inhibition of B Cell Development by Fetal Liver Progenitors.
----------------------------------------------------------------------

The effect of IFN-α/β treatment on B cell development was initially examined by incubating fetal liver--derived cells with IFN-α2/α1 ([@B35]). The activity of the human IFN-α2/α1 preparation was evaluated in a comparative analysis with mouse IFN-α/β to confirm similar inhibitory effects on IL-7--dependent cells and the absence of significant effect on other types of cytokine-dependent cells (reference [@B27] and data not shown). B lymphopoiesis by fetal liver progenitors was then monitored by the expression of B220 and IgM. At the time of culture initiation, 18% of the fetal liver cells were B220^+^ (Fig. [1](#F1){ref-type="fig"}). After 5 d of culture with the IL-7 fibroblast transfectants, nearly 90% of the cells in control cultures were B220^+^, whereas ∼50% of the IFN-α2/α1--treated cells were B220^+^. On days 10 and 15, 25% and 45% of the cells were IgM^+^B220^+^ B cells in the control cultures, respectively. By contrast, \<10% of the IFN-α2/α1--treated cells were IgM^+^ by day 15. These results indicate that IFN-α2/α1 is an effective inhibitor of B lymphopoiesis ex vivo.

General Effects of IFN-α2/α1 Treatment in Newborn Mice.
-------------------------------------------------------

The systemic effects of IFN-α/β were examined after a 6 d course of treatment initiated on the third day of life. When cells from the bone marrow, spleen, liver, and thymus were examined for Ly-6C expression, enhanced expression of Ly-6C was observed for all of the different cell types (Fig. [2](#F2){ref-type="fig"}), indicating a strong physiological response to the exogenous IFN-α2/α1 ([@B37]).

The IFN-α2/α1 treatment resulted in a pronounced decrease in cellularity of the bone marrow, spleen, and thymus in IFN-α2/α1--treated mice when compared with these tissues in control mice treated with PBS injections (Table [1](#T1){ref-type="table"}). The weights of the spleen and thymus were also significantly decreased in mice treated with IFN-α2/α1 (mean ± 1 SD = 39.3 ± 7.5 for experimental spleens versus 52.9 ± 4.3 mg for control spleens, *P* \<0.05; and 10.4 ± 3.2 versus 32.1 ± 2.9 mg for control thymuses, *P* \<0.01). Relatively small differences were seen in the total body weights of control and IFN-α2/α1--treated mice (5.8 ± 0.2 versus 5.2 ± 0.4 g, *P* \<0.05), and both groups of mice were healthy in appearance.

Impaired B Cell Development in Mice Treated with IFN-α2/ α1.
------------------------------------------------------------

When the percentages of B220^+^ B lineage cells were determined in the bone marrow and spleen of IFN-α2/α1 treated mice and control mice, a 45--60% decrease was observed in the percentages of B220^+^ B lineage cells in mice treated with IFN-α2/α1 (Table [2](#T2){ref-type="table"}). The absolute numbers of B220^+^ cells, calculated on the basis of bone marrow and spleen cellularity (Table [1](#T1){ref-type="table"}), were decreased to an even greater extent (\>80%) in IFN-α2/α1--treated mice. When the Mac-1 antigen was employed as a marker of myeloid cells, the percentages of Mac-1^+^ cells were increased in bone marrow and spleens of IFN-α2/α1--treated mice, whereas a significant decrease was observed in the percentage of Ter119^+^ erythroid cells (Table [2](#T2){ref-type="table"}).

An ∼50% decrease in the percentage of B220^+^IgM^+^ B cells was observed for the bone marrow and splenic lymphocyte populations in the IFN-α2/α1--treated neonates (Fig. [3](#F3){ref-type="fig"}). Reductions in the absolute number of B cells were estimated to be 89 and 84% in the bone marrow and spleen, respectively. Although the percentage of residual B220^+^IgM^−^ B lineage cells was only modestly decreased in the bone marrow of IFN-α2/α1--treated mice (Fig. [3](#F3){ref-type="fig"}), differences in the staining profiles of B220^lo^ and B220^hi^ populations suggested treatment-induced alteration of the constituent B lineage progenitor subpopulations. Further analysis of bone marrow cells with lymphocyte light-scatter characteristics indicated a twofold reduction in the percentage of CD43^−^B220^+^ cells in IFN-α2/α1--treated mice, whereas a twofold increase was observed in the percentage of CD43^+^B220^+^ (fractions A--C in the Hardy scheme, reference [@B9]) cells (Fig. [4](#F4){ref-type="fig"} *A*). When the CD43^+^B220^+^ population was analyzed for HSA expression, the percentage of CD43^+^B220^+^HSA^+^ cells (fractions B and C) was greatly decreased while the proportion of fraction A cells was increased (Fig. [4](#F4){ref-type="fig"} *B*).

Fraction A cells, although B220^+^, include nonlineage cells as well as B lineage progenitors. This population contains cells that do not express the B lineage marker CD19; some of these CD19^−^ cells belong to the natural killer cell lineage ([@B38]). Therefore, CD19 and DX5, a pan--NK cell marker, were employed to analyze the phenotype of fraction A cells. Only 10% of fraction A cells from IFN-α2/ α1--treated mice expressed CD19, whereas in control mice 64% of the cells in this fraction expressed this B lineage marker (Fig. [4](#F4){ref-type="fig"} *C*). In IFN-treated mice there was a 2.5-fold increase in the percentage of DX5^+^ cells (Fig. [4](#F4){ref-type="fig"} *D*). The reduction of CD19^+^ B progenitors combined with the reduction in cells representative of later B lineage stages indicates that the IFN-α2/α1 treatment interfered with B lineage development beginning at the pro-B cell stage.

Decreased IL-7 Responsiveness of Bone Marrow Cells from IFN-α2/α1 Treated Mice.
-------------------------------------------------------------------------------

To examine the effects of IFN-α2/α1 treatment on pre-B and B cell response, bone marrow B cells were stimulated with LPS and IL-7 at different concentrations. The proliferative response of early B lineage cells to IL-7 was dramatically inhibited in mice treated with IFN-α2/α1 (Fig. [5](#F5){ref-type="fig"}), thus providing functional evidence for the early abortion of B lineage differentiation. Diminished LPS responsiveness was also observed for the bone marrow cells in treated mice (data not shown).

Impaired T Cell Development in IFN-α2/α1--Treated Mice.
-------------------------------------------------------

Thymic cellularity was reduced by \>85% in IFN-α2/α1-- treated mice (Table [1](#T1){ref-type="table"}). When IFN-α2/α1 effects on the different thymocyte subpopulations were evaluated by determining the CD4 and CD8 expression, a 50% decrease in the percentage of CD4^+^CD8^+^ thymocytes was observed, whereas the relative proportions of CD4^+^CD8^−^ and CD4^−^CD8^+^ thymocytes were increased (Fig. [6](#F6){ref-type="fig"} *A*). To determine more precisely where IFN-α2/α1 inhibited the progression of thymocyte differentiation, we examined the differential expression of CD44 and CD25, cell surface markers that serve to discriminate the CD4^−^CD8^−^ subpopulations of thymocyte progenitors ([@B15], [@B16]). In this analysis, an increased percentage of the relatively immature CD44^+^CD25^−^ cells was observed along with a decreased percentage of the more mature CD44^−^CD25^−^ cells within the CD4^−^CD8^−^ thymocyte population in IFN-α2/α1--treated mice (Fig. [6](#F6){ref-type="fig"} *B*). The early CD44^+^CD25^−^ population of thymocytes contains precursors for T cells, NK cells, and dendritic cells ([@B39]--[@B41]), and the increased frequency of CD44^+^CD25^−^ cells in the thymus of IL-7^−/−^ mice could in part reflect an increased frequency of NK cells ([@B42]). When the CD44^+^CD25^−^ cells from IFN-treated mice were examined, a twofold increase was indeed observed in the percentage of DX5^+^ cells (Fig. [6](#F6){ref-type="fig"} *C*). Thus, the composite data indicate that the IFN-α2/ α1 inhibition of T cell development begins at an early progenitor stage.

Recovery of T and B Cell Development after Cessation of IFN-α2/α1 Treatment.
----------------------------------------------------------------------------

When T and B cell development was examined as a function of time after discontinuation of the IFN-α2/α1 treatment, no recovery was observed for the T lineage cells in the thymus and spleen or of the B lineage cells in the bone marrow and spleen in the first week after the 6 d course of interferon therapy (Fig. [7](#F7){ref-type="fig"}). However, by 2 wk after the final injection, mice treated with IFN-α2/ α1 showed significant signs of recovery as reflected by an increase in T and B cell numbers in the thymus, bone marrow, and spleen. By 1 mo after the neonatal treatment, the mice appeared to recover from the effects of the IFN-α2/ α1 in terms of T and B cell numbers.

Absence of IFN-α2/α1 Effects in Mice Lacking the Type I IFN Receptor.
---------------------------------------------------------------------

To examine the possibility that these inhibitory effects on B and T lymphopoiesis could be attributable to nonspecific cytotoxicity of the recombinant IFN-α2/α1 preparation, we treated type I interferon receptor (IFN-α/ βR) knockout mice (129 Sv/Ev strain) with the recombinant IFN-α2/α1 protein under the same experimental conditions. When treated with IFN-α2/α1, the wild-type 129 mice had an even greater impairment in T and B cell development than did the BALB/c mice, thus suggesting strain differences in interferon sensitivity (Fig. [8](#F8){ref-type="fig"}). In contrast, T and B cell development was perfectly normal in mice lacking the IFN-α/β receptor after IFN-α2/α1 treatment (Fig. [8](#F8){ref-type="fig"}). This finding indicates that the inhibitory effect of IFN-α2/α1 on T and B cell development in wild-type mice is mediated via the IFN-α/β receptor.

Discussion {#Discussion}
==========

These results indicate that IFN-α2/α1 is a potent, reversible inhibitor of B and T lymphopoiesis in inbred strains of mice. The inhibitory effects begin very early in B and T cell development, being manifested by the pro-B (CD43^+^B220^+^CD19^+^HSA^+^) and pro-T (CD4^−^CD8^−^ CD44^+^CD25^+^) cell stages. Residual B and T cells were still present in neonatal mice treated with IFN-α2/α1, due either to the limited supply of T and B cells produced before the onset of interferon treatment on the third day of life or to incomplete inhibition of B and T lymphopoiesis by this treatment regimen. In either case, the analysis clearly implies a window of exquisite sensitivity to IFN-α2/α1 during the early stages of T and B cell differentiation.

A trivial explanation of the inhibitory effects would be that the recombinant IFN-α2/α1 preparation contained an unknown cytotoxic contaminant. This possibility was excluded by the fact that IFN-α2/α1 treatment had no effect on the cellular content of the bone marrow, spleen, and thymus in IFN-α/β receptor^−/−^ mice. Specifically, no disruption of B and T cell development was evident in these mice. In addition, expression of the Ly-6C antigen, which serves as a downstream indicator for the interaction of IFN-α/β with its receptor ([@B37]), was universally upregulated on hemopoietic cells in wild-type mice treated with IFN-α2/α1. Thus, the observed inhibitory effects of IFN-α2/α1 treatment in wild-type mice can be attributed to the cytokine itself and its interaction with the IFN-α/β receptor.

We previously observed that type I interferons counteract the IL-7--dependent growth and survival of bone marrow B lineage cells, fetal thymocytes, and IL-7--dependent cell lines by reinstating programmed cell death ([@B27], [@B28], [@B43]). The inhibitory effect of IFN-α/β on IL-7--dependent B lineage cells can be alleviated by upregulated expression of the *Bcl-2* gene ([@B27]) and upregulated *Bcl-2* expression has recently also been shown to rescue T lymphopoiesis in IL-7R^−/−^ mice ([@B44], [@B45]). The possibility that recombinant type I interferon, IFN-α2/α1, exerts its inhibitory effects on lymphocyte development in vivo by counteracting IL-7/ IL-7R--mediated signaling is further supported by evidence indicating that IFN-α2/α1 interferes with B cell development at the CD43^+^B220^+^CD19^+^HSA^+^ pro--B cell stage and with T cell development at the CD4^−^CD8^−^CD44^+^ CD25^+^ pro--T cell stage, as these are developmental stages during which IL-7 is required in mice ([@B9], [@B46]--[@B50]). A remarkably similar impairment in T and B cell development is seen in mice treated with antibodies to IL-7 or to IL-7R, in mice with IL-7 or IL-7R deficiency ([@B21], [@B46], [@B51]--[@B53]), in common cytokine receptor γ chain (γ~c~)^−/−^ mice ([@B54], [@B55]), and in Jak-3^−/−^ mice ([@B56]--[@B58]), Jak3 being essential for signal transduction via the IL-7 and other cytokine receptors employing γ~c~ ([@B59]--[@B63]). In IL-7R--deficient mice, B and T cells fail to progress beyond the CD43^+^B220^+^HSA^−^ pro-B cell stage in the bone marrow and the CD4^−^CD8^−^CD25^−^, pro-T cell stage in the thymus, respectively ([@B53]). B and T cell differentiation are also interrupted at very early stages in mice treated with anti--IL-7 or anti--IL-7R antibodies ([@B21], [@B46], [@B51]). As in the IFN-α2/α1--treated mice, some mature B220^+^IgM^+^ cells are found in the bone marrow and CD4^+^ and CD8^+^ thymocytes are not completely eliminated in these mice, unless exposure to the IL-7 antibodies is initiated in utero ([@B46]). Thus, the window of sensitivity to IFN-α2/α1 corresponds closely to periods in T and B cell development during which IL-7 → IL-7R signaling is essential. The inhibitory effects of IFN-α2/α1 treatment on T and B cell development thus may reflect counteraction of the IL-7/IL-7R signaling.

The mechanism for type I interferon interference with the signaling pathways triggered by ligated IL-7Rs is unknown. However, interferon regulatory factor 1 (IRF-1), a transactivation factor whose expression is induced by type I and type II interferons ([@B64], [@B65]), may play an important role in this antagonistic effect. IRF-1 binding sites have been identified in the promoter regions of a number of IFN-inducible genes ([@B66]). Moreover, a very specific arrest in B lineage differentiation was observed in transgenic mice carrying the human IRF-1 gene driven by a juxtaposed human immunoglobulin heavy-chain enhancer ([@B67]). In these transgenic mice, B220^+^ cells were dramatically reduced in the bone marrow, as well as in the peripheral lymphoid tissues, and bone marrow cells responsive to IL-7 were virtually eliminated. Therefore, IRF-1 overexpression in B lineage cells aborts differentiation at the stage when these cells become IL-7 responsive. Collectively, these observations suggest that one of the key steps in the IFN-α/β inhibition of T and B cell development is the upregulation of IRF-1 activity.

In addition to its inhibitory effects on T and B cell differentiation, IFN-α/β may negatively regulate growth or differentiation of other hematopoietic cells ([@B30]--[@B34]), as was observed for erythroid cells in this analysis. Interestingly, IFN-α and IFN-β genes are frequently deleted in certain types of malignancies ([@B68], [@B69]). In spite of the compelling evidence for an important IFN-α/β role in regulation of cellular proliferation and differentiation, the only overt phenotypic abnormality in IFN-α/β receptor^−/−^ mice is their diminished resistance to certain viral infections ([@B70]). Normal levels of T and B lymphocytes in the IFN-α/β receptor^−/−^ mice could reflect redundancy or compensating activities of other negative regulators, such as IFN-γ ([@B71], [@B72]) or TGF-β ([@B73], [@B74]), which could also interfere with B or T cell development while playing different roles in the immune response to different pathogens. The absence of dramatic phenotypic changes in IFN-α/β receptor^−/−^ mice could reflect the possibility that the interferon effects on B and T cell development are subtle ones in the normal physiological setting. However, during viral infections, severe depression of hematopoiesis has been reported to be a direct effect of enhanced IFN-α/β production ([@B75]), thus suggesting a role for type I interferons in the regulation of hematopoietic cellular proliferation and differentiation under conditions of pathological stress. The reversible inhibitory effects observed in IFN-α2/α1--treated mice may therefore be relevant to the pathogenesis of pathogen-induced disturbances in lympho/hemopoiesis.
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![In vitro analysis of B lymphopoiesis by fetal liver progenitor cells in the presence or absence of IFN-α2/α1. IFN-α2/α1 (10^3^ U/ml) was added at the time of culture initiation and half of the medium was exchanged for fresh medium containing 10^3^ U/ml IFN-α2/α1 every 7 d. B220 and IgM expression was examined for the fetal liver cells derived from day 15 embryos. The cells were cultured over a confluent layer of IL-7--transfected T220 cells. Percentages of B220^+^ and IgM^+^ cells are indicated in the corresponding quadrants.](JEM.971263f1){#F1}

![Enhanced Ly-6C antigen expression after IFN-α2/α1 treatment. 3-d-old mice received intraperitoneal injections of IFN-α2/α1 (4 × 10^5^ U) or PBS for 6 d, and viable cells from the indicated tissues were stained with anti--Ly-6C antibody 1 d after the last injection. Thin lines represent the staining patterns of cells from control mice; thick lines represent cells from IFN-α2/α1--treated mice.](JEM.971263f2){#F2}

###### 

Effect of IFNα2/α1 Treatment on the Cellularity of Hematopoietic and Lymphoid Organs

  Organ            Number of nucleated cells (× 10^6^)               
  ------------- -- ---------------------------------------------- -- ----------------------------------------------
  Bone marrow      27.3 ± 5.5[‡](#TF1-152){ref-type="table-fn"}       7.5 ± 1.3[§](#TF1-153){ref-type="table-fn"}
  Spleen           73.4 ± 14.7                                       20.4 ± 5.2[§](#TF1-153){ref-type="table-fn"}
  Thymus           60.9 ± 15.3                                        8.5 ± 5.2[§](#TF1-153){ref-type="table-fn"}

 Peritoneal injections of PBS or IFN-α2/α1 (4 × 10^5^ U) were given daily from 3--8 d of age and the mice were killed at 9 d of age.  

 Mean ± 1 standard error for six mice.  

  *P* \<0.01, unpaired Student\'s *t* test.  

###### 

Effect of IFN-α2/α1 Treatment on Lymphoid, Myeloid, and Erythroid Development in Bone Marrow and Spleen

  Treatment[\*](#TF2-150){ref-type="table-fn"}      Bone marrow                                       Spleen                                                                                                                                                               
  ---------------------------------------------- -- ---------------------------------------------- -- ------------ -- ---------------------------------------------- -- ---------------------------------------------- -- --------------------------------------------- -- ----------------------------------------------
  PBS                                               21.8 ± 1.8[‡](#TF2-152){ref-type="table-fn"}      23.3 ± 3.0      40.3 ± 1.6                                        11.0 ± 2.7                                        3.6 ± 0.4                                        69.7 ± 8.4
  IFNα2/α1                                           8.7 ± 0.9[§](#TF2-153){ref-type="table-fn"}      26.9 ± 2.6      26.4 ± 4.5[§](#TF2-153){ref-type="table-fn"}       6.0 ± 0.5[§](#TF2-153){ref-type="table-fn"}      7.4 ± 0.4[§](#TF2-153){ref-type="table-fn"}      45.8 ± 3.4[§](#TF2-153){ref-type="table-fn"}

 Peritoneal injections of PBS or IFN-α2/α1 (4 × 10^5^ U) were administered daily from 3--8 d of age and the mice were killed at 9 d of age.  

 Mean percentage of marker-positive cells ±1 SE for six mice.  

  *P* ⩽0.01, unpaired Student\'s *t* test.  

![Immunofluorescence profile analysis of B lineage cells in the bone marrow and spleen of PBS- and IFN-α2/α1--treated mice. Cells were stained with FITC-conjugated anti-μ and Cy-chrome--labeled anti-B220 and the immunocytometric analysis was limited to cells with the forward and side light scattering characteristics of lymphocytes. Percentages of IgM^−^B220^+^ and IgM^+^B220^+^ cells in the boxed areas are indicated.](JEM.971263f3){#F3}

![Immunofluorescence profile analysis of B lineage cells in the bone marrow of PBS- and IFN-α2/α1--treated mice. Bone marrow cells were stained with the CD43, HSA, CD19, DX5, and B220 antibodies. (*A*) Lymphocyte gates were set for forward and side light scattering, and the CD43^−^B220^+^ and CD43^+^B220^+^ (fractions A, B, and C) subpopulations are indicated as percentages of cells in the two boxes. (*B*) Fraction A is distinguished from fractions B and C in the CD43^+^B220^+^ subpopulation of cells by HSA expression. Fraction A cells were further analyzed for their expression of CD19 as a B lineage marker (*C*) and of DX5 as an NK lineage marker (*D*).](JEM.971263f4){#F4}

![IL-7 responses of bone marrow cells from PBS- and IFN-α2/α1--treated mice. Bone marrow cells were cultured with different concentrations of IL-7 for 72 h, and pulsed with \[^3^H\]thymidine for the final 8 h. Results are shown as mean cpm (±SD) from triplicate or quadruplicate cultures.](JEM.971263f5){#F5}

![Immunofluorescence profile analysis of thymocyte subpopulations from PBS- and IFN-α2/α1--treated mice. Cells were stained with anti-CD4, anti-CD8, anti-CD44, and anti-CD25 antibodies. Percentages of cells within each quadrant are indicated. (*A*) Analysis of the total thymocyte population for CD4 and CD8 expression; (*B*) CD25 and CD44 expression by the CD4^−^CD8^−^ thymocyte subpopulation, and (*C*) DX5 expression by the CD44^+^CD25^−^ subpopulation of the CD4^−^CD8^−^ thymocytes.](JEM.971263f6){#F6}

![Recovery of T and B cell development after neonatal treatment with IFN-α2/α1. 3-d-old mice injected with PBS or IFN-α2/α1 for 6 consecutive d were examined serially after the last treatment. T and B cells were identified by CD3 and B220 expression, respectively. Results of the enumeration of thymocytes, T cells in the spleen, and B cells in the spleen and bone marrow are presented as mean percentages of control values (I = ± standard error; *n* = 3 mice).](JEM.971263f7){#F7}

![Immunofluorescence profiles of bone marrow B cells and thymocytes from PBS- and IFN-α2/α1--treated 129 Sv/Ev wild-type (*top*) and IFN-α/β receptor^−/−^ mice (*bottom*). Bone marrow cells were stained with anti-μ and B220 antibodies, and thymocytes were stained with anti-CD4 and anti-CD8. The percentages of cells within each quadrant are indicated.](JEM.971263f8){#F8}

[^1]: Address correspondence to Dr. Max D. Cooper, 378 WTI, University of Alabama at Birmingham, Birmingham, AL 35294-3300. Phone: 205-934-3370; Fax: 205-934-1875; E-mail: <max.cooper@ccc.uab.edu>. Chen Dong\'s present address is Section of Immunobiology, Howard Hughes Medical Institute, Yale University School of Medicine, FMB 430, 310 Cedar Street, New Haven, CT 06510.
